Deep snow cover, has due to several heavy snowfalls on Vojsko (1067 m), almost covered the meteorological station (photograph: Matej Ogrin). Sne`na odeja je zaradi obilnih sne`enj konec februarja in v za~etku marca 2004 skoraj povsem prekrila meteorolo{ko postajo na Vojskem (1067 m) (fotografija: Matej Ogrin). ABSTRACT: Precipitation variability in mountainous regions is much bigger, than it is possible to conclude from data of a few meteorological stations in this area. There are big differences between windy sides, lee sides and the valleys. During winter, when snow precipitation prevails, snow accumulates on ground as snow cover, which enables us to see the variability of precipitation on small scale. Results of researching snow cover give us more precise data and show us new facts about precipitation variability in Julian Alps and their surroundings and in Karavanke.
Introduction
Snow cover is one of the most remarkable phenomena in moderate altitudes during the winter time. During the snowfall, landscape turns white, nature falls asleep.
Snow cover is not rare in the lowlands of the central Europe. However, usually it does not last very long. Even in cold winters there are periods without snow cover. At higher elevations, such as mountains, plateaus and high alpine valleys, snow cover lies longer and many times continuously for several months. The reasons for this are lower air temperatures and heavier precipitation. During this period, snow cover accumulates from one snowfall to another and snow cover is usually deepest at the end of the accumulative season, which is in early or middle spring. In Slovenia snow cover is, especially due to intensive precipitation, deepest in the Julian Alps and the sub-alpine areas surrounding them.
High precipitation in this area occurs when a humid, south-western wind blows. In winter and early spring most of it falls as snow. Annual precipitation in the Julian Alps and their sub-alpine surroundings is between 2000-4000 mm. Although the annual precipitation decreases towards the east, even the most eastern part of the Slovenian Alps (Pohorje), gets around 1500 mm of precipitation per year.
Continuous and systematical monitoring of WASC is not developed in Slovenia. Some individual researches were made by Vrhovec and Sluga (Sluga 2000; Vrhovec 2000) . They were made in the area of the Julian Alps on the Komna plateau and in the Triglav Lakes Valley. Toma` Vrhovec also lead terrain classes for students of meteorology, where they met this method of measuring WASC.
We made some researches in the area of the Julian Alps, Karavanke Mountains and Trnovski gozd dinaric plateau during the winter [2003] [2004] . This winter was due to often heavy snowfall almost ideal for such researching.
Weather conditions in the winter 2003-2004
Permanent snow cover formed in the Slovenian Alps, at the altitude of above 1000 m, on 21 st December. Before that date it had snowed several times, but due to high temperatures snow did not stay permanently. The exception was snow at the elevations of above 2000 metres and in shady sides. Since that date snow cover stayed in mountains until late spring.
In the heavy snowfall at end of December (29 th -31 st December) 1-2 metres of snow fell in the Julian Alps. In the Karavanke Mountains and the Kamnik and Savinja Alps up to 70 cm of snow fell, further east, on the eastern Pohorje, only about 10 cm of snow fell.
Next heavy snowfall appeared from 17 th to 19 th January, so that on 19 th January the depth of snow cover measured at the monitoring stations in the western Slovenia was: Kredarica (2515 m) 250 cm, Vogel (1510 m) 210 cm, Vojsko (1067 m) 95 cm and Rate~e (865 m) 50 cm. Until 19 th February mostly dry and periodically warm and cold weather with very little precipitation prevailed in the mountains. Therefore, the deep snow cover transformed, sunk and on sunny slopes it also thawed. On the slopes with slightly southern exposition, in flat areas and shady sides the snow cover was deep enough to retain the thawing water within the inner layers. In clear weather, with dry air and temperatures above 0°C, snow cover evaporates. The used latent heat from snow cover intensely decreases the temperature of snow cover surface, which is why the loss of water from snow cover as a result of evaporation is almost negligible.
At the end of this mostly dry period there were still around 120-180 cm of snow left in the Julian Alps at the altitude of 1500 m, and at the altitude of 2500 m there were around 270 cm of snow left. In the Karavanke Mountains and the Kamnik and Savinja Alps the depth of snow cover at the elevations of about 1500 m was only 40-70 cm.
The period from 21 st to 23 rd February was the only time since 21 st December 2003 that it rained during precipitation also at the altitude of above 1500 m. At that time there were 180 cm of snow on Vogel and on 21 st and 22 nd February 87 mm of rain and snow fell. According to the depth of snow we presume that most of the rain water and thawing water from this period retained in the snow cover. The highest temperatures in this period were from 0-4°C.
On 23 rd February changeable weather with frequently heavy snowfall began. From that day, until 8 th March, the whole of Slovenia, except the sea side region called Primorska, got a lot of snow. In the mountains of western Slovenia from 1-2 metres of snow fell, and on 29 th February the snow cover on Vojsko was 215 cm and in Rate~e 125 cm deep. At the elevations of above 1000 m, the deepest snow cover formed a week later, after the snowing on 8 th March. The next day, 320 cm of snow were measured on Vogel and on Kredarica 430 cm. Since that date the depth of snow cover did not increase, the reason for this being the sinking of snow. However, until 7 th April, when WASC in the alpine and also in the sub-alpine areas started to decrease, two more big snowfalls appeared. The first was from 22 nd to 26 th March.
In general, the mean air temperatures in January, February and March, which almost corresponds to the time of accumulation of snow cover, were according to data of Slovenian environmental agency, very close to the average. In Rate~e (865 m), the mean air temperature for the period January-March 2004 was -2.2°C, which is only 0.1°C colder than the average of the period . On Kredarica (2515 m), the mean air temperature for the period January-March 2004 was -7.9°C, which is normal (0.1°C above the average) for the period . On Kredarica February and March were warmer than the average (+1,7°C, and +0.7°C) and January was 2.1°C colder than the average.
In Rate~e March was normal (0.2°C below average), January was 0.7°C colder and February 0.8°C warmer than the average. It can be seen from the temperatures above that the temperatures in the mountains were rather normal, except in January and February in high alpine areas.
Measurements and results
The observations and measurements of snow cover were made from 13 th March to 4 th April 2004. In this period the snow cover on most of the observation spots was deep enough, so that the thawing water stayed within the inner layers of snow.
The locations where the measurements were taken on the Trnovski gozd dinaric plateau, on 13 th March, the western Karavanke Mountains and the Julian Alps on both sides of the Upper Sava Valley (the Pod [pik cirque, 1410 m), on 16 th and 17 th March, the Lower Bohinj mountains, on 27 th and 28 th March, the Fu`ina plateau, on 3 rd and 4 th April 2004.
The method of measuring was a method of taking samples from each layer of snow. First it was necessary to identify all the layers. The samples were taken with two different cylinders without the top and the bottom (like a tube) with a volume 0.173 and 0.385 litres. A hole was dug into the snow to reach the floor, so that the total snow profile was seen. We took the sample from each layer and weighed it. On the basis of the weight and the volume the density of the snow sample (ρ = m/V) was obtained. For each layer it can be presumed that the density within this layer does not change. However, if the layer was big enough and if it was likely that the density from the upper part of one layer differed from the lower part, two samples of this layer were taken. This means that actually a new layer was »made«. Thus we cannot always conclude the number of snowfalls from the number of layers. This makes sense, because during a long snowfall (2 and more days), when, for instance, the Genova cyclone passes Slovenia in the warm sector, when the south-western winds prevail, snow contains more water than later, after a cold front passes the mountains and the temperatures fall. Since the cold air contains less moisture than the warm, the snow is lighter and its density is much smaller.
After the samples had been taken from each layer and the density had been calculated (with measuring the height of each layer) the mass of the virtual column of snow was calculated:
For each layer we can say that the mass of snow (kg) is equal to mass of water (kg) if we neglect the mass of air in snow. Because the density of water is 1 kg/dm 3 and also 1 dm 3 = 1 l, for each layer we can say that 1 kg of snow per square meter is equal to 1 l of water per square meter (l/m 2 ). If we spread 1 l of water in a box with surface 1 m 2 , we obtain height of 1 mm. This means, that 1 l of precipitation per square meter is equal to a layer of rainwater with height of 1 mm. Acta geographica Slovenica, 45-2, 2005 Altogether 9 profiles were dug on different spots. In addition, the depth of snow cover was measured with a snow probe on many spots. If we know the depth of snow cover and if we presume that the average density from a snow profile, which was dug in the surroundings, is the same, we can also estimate the differences in precipitation in smaller areas.
The monitoring of data about the depth of snow and water accumulation in snow cover enables us also to see the differences in precipitation in a mountainous area where a monitoring network is rare and insufficient. However the sampling spot must be selected correctly and must fulfil the following conditions. The sampling spot must be:
• protected from wind so that no erosion or accumulation effects can be detected (Sluga 2000),
• on a flat terrain;
• open from forest or relief topography;
• protected from avalanche deposition (Sluga 2000).
In the Slovenian Alps many alpine pastures and meadows lie on the elevations of between 1000 and 2000 m and many of these pastures are flat enough, without forest and protected from wind. So these pastures can be used as a good measuring spot. The following pastures were used: Alp Blato, Alp V lazu, Ravne Alp and Alp Graj{~ica.
The method of comparing precipitation was in winter 2003-2004 used for the snowfall which accumulated from 23 rd February. Frequent snowfall at low temperatures at the end of winter and the start of spring made it easier to measure the differences. Before the snowing started, on 21 st February, rain with desert sand had fallen and had coloured the old snow yellow-brown, so it was not hard to determine all the layers after this date. These data indicate that even at small distances (all sampling spots, except Mala Lazna, are within a distance of 7 km), the intensity of precipitation changes noticeably.
The differences could be explained with a trend of decreasing precipitation from the south-western parts of the Julian Alps towards the interior and the northern parts. The most intense precipitation in the Slovenian Alpine areas falls when the south-western winds prevail. Consequently, the warm and humid air ascents at ridges and condensation begins. Frontal precipitation is reinforced by orographic ascenting. Often snowfall begins much earlier before the cold front passes a mountain area.
The decrease of precipitation is not equable, the reason for this being variable mountainous topography with deep valleys and high ridges following each other. After each ridge the air descends and consequently precipitation decreases as well. Later, when the air flows and rises over the next ridge, it grows again. However, the increase is usually smaller than at the ridge before.
This is also the reason, why the WASC decreases from cirque Pod [pik towards Karavanke, and there, when the air climbs the Karavanke Mountains, it rises again.
If we look at the total WASC, we see that Mala Lazna received less precipitation than the Alp Graj{~ica. However, we must be cautious because the sampling spot Mala Lazna lies at only 1100 m and we cannot say that no melting water ran off during the thaws before 23 rd February. At the end of March 2004 the measures were taken also in the Lower Bohinj Mountains. Figure 6 shows the distribution of snow cover on different spots in Bohinj. It is important to note that the measurements were taken in a 30 hours lasting period. This is important because on the days before the measuring, 70 cm of snow fell. During the measuring which took place in the morning on 27 th March, the snow cover sunk for 8 cm. Since the measurements on the Komna and the Alp Pri kraju were taken on 28 th March, it can be presumed that at the time when the snow depth on the Ravne alp was measured, the snow cover on the Komna and the Alp Pri kraju was at least 15 cm higher.
Although in general the depth of snow increases with elevation, it is not always the case. On Ravne (710 m) the snow depth was smaller than at Savica (650 m the position of a place is more important. Ravne is a village on a small flat plateau above the Bohinj basin, usually above the temperature inversion, with very small northern exposition. The duration of solar radiation is longer than in Ukanc, where Savica is located. Ukanc is a place at the end of the Bohinj basin, hidden under the walls of the Komna plateau, with very high southern horizon, which is formed by the Lower Bohinj Mountains (1500-2000 m). The temperature inversion in Ukanc is strong, lasts long and the solar radiation is very small. In this case the morphology of a place and especially its surroundings are much more important than its elevation. Figure 7 confirms that the Lower Bohinj Mountains get a lot of precipitation during the whole year and this is also one of the most humid areas in Slovenia. The Ravne alp lies on the eastern part of the Lower Bohinj Mountains, the Komna plateau lies in the western part of this mountain chain.
The amount of precipitation that accumulated from 21 st December to 27 th March on the Ravne alp was 757 mm and on the Komna 968 mm, and since 23 rd February, 271 mm on the Ravne alp and 299 mm on the Komna. In both cases it can be seen that the Ravne alp got less precipitation than the Komna. This indcates that precipitation decreases along the ridge of the Lower Bohinj Mountains from the Komna towards the Ravenska alp, and further to the east.
Big differences are obvious if the graph 1 and the graph 3 are compared. The Alp Graj{~ica and the Pod [pik cirque get much less precipitation. The dates between both measurements differ for 12-14 days, when one bigger snowfall passed the Slovenian mountains, which added around 112 mm of precipitation on Vogel and around 70 mm of precipitation in Rate~e. So it can be seen that most differences between the stations on the graph 1 and the graph 3 occur mostly due to different location and not due to time difference.
At the beginning of April the measurements on the Fu`ina platea plateau were taken. The Fu`ina plateau lies north of the Bohinj basin, and according to the estimates and data available, it gets less precipitation than the Lower Bohinj Mountains, which are in the southern part of the Bohinj basin. The measurements were taken on 3 rd and 4 th April. They were taken at the following locations: the Alp Blato (1147 m), the Alp Pri jezeru (1445 m) and the Alp V lazu (1560 m). On 3 rd and 4 th April the temperatures at the elevations of around 1500 m were above 0°C, the snow cover was wet through all the layers and the water started to run off from the snow cover. However, it is estimated that except on the Alp Blato, the run off until this date was negligible, the reason for this being deep snow and low temperatures on the previous days.
Although the measurements were taken within 24 hours, the sinking of the snow cover was smaller than on 27 th and 28 th March because the snow cover was old and much better transformed. The estimates are that during the measurements the snow sunk for around 5 cm.
The snow cover was deepest on the Alp Pri jezeru, where it was still 150 cm deep.
The Alp V lazu had 125 cm of snow and the Alp Blato 115 cm of snow. It can be noticed that the highest snow cover was at the second highest measuring spot. This could be explained with the location of the measuring spots. The Alp V lazu gets more solar radiation than the Alp Pri Jezeru. The location of the measuring spot of The Alp Pri jezeru lies in a small concave relief shape where temperature inversion is frequent, although not deep and strong. Snow transforms and thaws slowly, so it also sinks slowly. Part of this difference could also indicate that due to its location about 2 km north into the interior of the Julian Alps, the Alp V lazu gets less precipitation. Figure 10 shows the differences between the water accumulation in the snow cover at the beginning of April 2004 on three measuring spots on the Fu`ina alps. Similar to the previous graph, the Alp Pri jezeru took the first place, the Alp V lazu the second and the Alp Blato the third.
On the measuring spots the snow cover accumulated from 476 to 608 mm of precipitation.
If we compare these values with the Komna and the Ravne alp, we see that the difference is big although the measurements were taken only a week later. During this week no precipitation occurred and, as written above, the temperatures were low enough (in the first half of the week the temperatures were around or below 0°C, on the last two days the temperatures at the altitude of 1500 m rose to around 5°C), so that the run-off was negligible.
This leads us to the conclusion that the only reason for the differences in precipitation between the Lower Bohinj Mountains and the Fu`ina plateau is the decline of orographic effect. Still, it must be noted that this effect is still big.
The same effect could be the reason for the differences between the Alp V lazu and the Alp Pri Jezeru, because the Alp V lazu is located app. 2 km towards the north. However, these results must be tested in the following winters. The results for Alp Blato are less representative, because, due to lover elevation and higher temperatures, some water from the snow cover ran off.
5 Comparison between the precipitation data from pluviometers and the precipitation data from snow cover only 22-87% of precipitation (Kolbezen and Pristov 1998). Due to the fact that snow flakes are lighter and are thus easier to carry by wind than rain drops, the errors in the periods when precipitation falls mainly as snow are expected to be even bigger.
Some Slovenian meteorologists have made some researches to get better values or estimates about the precipitation in the Slovenian mountains. Considering only windy conditions did not bring to a solution. Besides, if the river run-off is taken into account, the precipitation estimates are too high, so the conclusions were made that specific conditions of the Slovenian Alps must be considered (Pristov et al. 1998 ).
The annual precipitation measured at the stations in the Julian Alps was corrected with a correction factor. Each station had its own factor. Errors are bigger when it snows, because wind carries snowflakes much easier than raindrops. Stations in valleys were corrected for about +4%, which is not a lot.
Bigger differences appear at higher elevations, especially when a station is exposed to windy conditions. On Vogel (the station lies in the Lower Bohinj Mountains), the correction factor is +9%, and on Kredarica +61% (Pristov et al. 1998 ).
Such a difference is a consequence of strong winds, which prevail during rainy or snowy weather, and it is also a consequence of bigger part of snow precipitation than at lower elevations.
However, it is not only elevation that influences errors that occur while measuring precipitation. Very important are also the mycro-relief and topography of the surroundings where precipitation is measured (Pristov et al. 1998 ).
In winter time most precipitation above 1500 m falls as snow, so the values measured with pluviometers are even less precise. If the estimated (on the basis of the measured precipitation with pluviometers) precipitation on the Komna and WASC are compared, it can be seen that the snow cover contained 348 mm (56%) more water than the value from pluviometer.
Precipitation on Vogel could be calculated also in a different way, it could be calculated from the WASC on the Komna but with the assumption that the ratio Vogel-Komna does not change. The value for Vogel that we get on the basis of this calculation is 953 mm.
The value Komna 2 was calculated in a similar way. This value was calculated presuming that the ratio between the corrected values for Komna and Vogel remains the same and the precipitation measured in a pluviometer was taken as the basis.
On Vogel no snow profile was dug, but if we consider that the precipitation increases from the Ravne alp towards the Komna, it is clear that the precipitation on Vogel must be at least higher than 757 mm. This indicates that the values in the pluviometer on Vogel are noticeably too low.
Different data for the same spots show problems when dealing with precipitation in alpine areas, especially in winter.
Values measured from snow cover contain errors as well. Nevertheless, these errors should be much smaller comparing with errors which appear at pluviometers in mountains when it snows and when strong winds blow. Such a situation is actually very normal for a mountainous area. The errors that occur at measuring WASC could be successfully avoided with repeating sampling and with precise definition of different layers within the snow cover. The more snow profiles we obtain, the better results we can get.
The differences between pluviometers and WASC are not small, and our research indicates that the pluviometer on Vogel measured only 64% of WASC value if we neglect errors occurring when sampling water accumulation. It can be also concluded that values measured from WASC are more reliable, especially if it is considered that in the period of snow accumulation almost no rain fell (less or equal to 10% of all precipitation on Vogel).
Differences between the measuring spots
Are the differences measured in the winter 2003/2004 typical for this area? Do they indicate some relations between some parts of Slovenian mountains?
In the winter 2003-2004 most of precipitation in the Julian Alps and the surroundings appeared under the influence of south-western winds, when cyclons passed Slovenia mainly from the west towards the east, from the southwest towards the northeast or from the west towards southeast. After a cold front had passed Slovenia, there was often the north-eastern wind that blew in lower parts of troposphere. However, above this cold air, warm and humid south western or south eastern winds continued to blow. This type of weather is typical for this area. However, in many years of the last decade other weather types prevailed. We are not going to discuss these changes, we just want to note that distribution of precipitation in a mountainous area, depends very much on the winds which prevail during the »bad weather« situations. So the relations described below are actually the results of a meteorological situation when most of precipitation falls at western or south-western winds.
Rate~e, Pod [pik cirque, the Alp Graj{~ica
As the first example we can show relations between Rate~e, the Pod [pik cirque and the Alp Graj{~ica. We compared the precipitation measured in Rate~e at the meteorological station (865 m) with the precipitation which accumulated in the mountains not very far from Rate~e. The distance from Rate~e to the Pod [pik cirque is 9 km. Both spots have also different location. The Pod [pik cirque lies close, beneath the massif of the [pik's group on its northern side and the precipitation there is strongly influenced by the orographic effect which occurs when humid air at south-western winds ascents the [pik's massif.
Rate~e lies on northern part of the Upper Sava Valley, relatively far from the orographic obstacles of the Julian Alps. It is also important that the direction of the Julian Alps massif turns to the south at Rate~e in to Tamar valley. Air, which at south-western winds passes the massif, descends above the Upper Sava Valley, so that Rate~e is less under the influence of orograpfic effect. The air starts to ascent the Karavanke Moutains but this effect is weaker than at the Julian Alps.
When the south-western wind blows it happens frequently that a cloud window, which indicates that orographic effect is weaker, appears above Rate~e.
Since Rate~e lies relatively low (865 m) in a valley with weak winds, the data measured with pluviometers are more precise. At the annual level, the correction factor for precipitation is 4% (Pristov et. al 1998). The measured data were corrected with the annual factor 1.04 because the correction factor is not known only for winter time. However, in the valleys with usually weak winds we presume that the correction factor in winter does not differ much from the annual one. It is interesting, that the ratios between the stations don't differ much. In both periods, (21.12.2003-23. 2. 2004 and 23. 2. 2003-14. 3. 2004 ) bigger amount of precipitations remains on the same stations.
Ratios of total precipitation show, that in the Pod [pik cirque fell 51% more precipitation than in Rate~e, on Alp Graj{~ica 33% more than in Rate~e and in the Pod [pik cirque 14% more precipitation than on Alp Graj{~ica. The ratio the Komna / the Ravne alp is in both cases > 1. However, the differences are bigger than in the previous examples. The distance from the Komna to the Ravne alp is about 14 km, which is quite a lot. Along the ridge of the Lower Bohinj Mountains we do not have enough information to explain these differences more precisely. Further researches are necessary to get more detailed information about the precipitation along the ridge.
Komna -the Ravne alp

Conclusion
The results of our research show variability of precipitation in wintertime in some parts of the Julian Alps, Trnovski gozd dinaric plateau and the Karavanke Mountains. The errors that occur at measuring WASC are much smaller if the sampling spot is chosen correctly, if all the different layers within the snow cover are identified and if the samples are taken correctly. The values must be verified with the repetition of measuring (taking two or more different samples). It can be seen that the values measured from the snow cover are noticeably higher than the ones measured with pluviometers.
The main reason must be the errors that appear at collecting precipitation with pluviometers when it snows and when strong winds blow, which is often the case in mountainous areas. The estimates on Vogel show that the pluviometer measured only about 64% of the whole precipitation which fell in the winter 2003-2004. However, these researches must continue in order to get more data and relations about the total precipitation in wintertime.
The precipitation ratios between some parts of north-western Slovenia in the winter 2003-2004 showed a close similarity. The ratios are close to each other and they all indicate the decrease of precipitation from the Julian Alps northwards towards the Karavanke Mountains and also decrease of precipitation in the Upper Sava Valley.
The ratios along the Lower Bohinj Mountains ridge are not so similar, although all of them indicate the decrease of precipitation along the ridge towards the east. But in order to obtain more detailed conclusions, more researches would be necessary, especially due to the bigger dimensions of the ridge, compared to researches in the mountains above Upper Sava valley.
These results show precipitation conditions and ratios only between some parts and in situations when above the mountains the south-western winds prevail or when a cyclon from the North Mediterranean passes Slovenia towards the east. It must not be concluded that it is at all situations with precipitations like that. On the other hand it is true that the main part of the annual precipitation is brought by the western or south-western circulation.
It is presumed that in summer precipitation variability is more unpredictable. The reason is convective precipitation, which is very common in the Slovenian mountains, and a smaller part of frontal or orographic precipitation. In summer the values from pluviometers are also more precise and of course there is no snow cover which would accumulate the precipitation. 1 Uvod
Sne`na odeja je pojav, ki v zmernih in vi{jih geografskih {irinah najbolj zaznamuje najhladnej{i letni ~as. Pokrajina se odene v belo, rastline in tudi nekatere `ivali obmirujejo, pokrajina je mirna, spokojna.
V srednji Evropi sne`na odeja po ni`inah ni redek pojav, ~eprav je res, da praviloma ne traja zelo dolgo, {e pogosteje pa ne le`i neprekinjeno ve~ mesecev. Povsem druga~e pa je v gorskem svetu, kjer sta trajanje in koli~ina sne`ne odeje bolj izrazita. Vzrok za to so ni`je povpre~ne temperature zraka in ve~ja koli~ina padavin v vzpetem svetu. Slednje je zelo zna~ilno tudi za svet Julijskih Alp in njihovega predgorja. Tam se ob vla`nih jugozahodnih vetrovih izlo~ajo velike koli~ine padavin, ki zna{ajo letno 2000-4000 mm. Tudi ostali gorati svet Slovenije prejme razmeroma veliko padavin. ^eprav koli~ina proti vzhodu precej pojema, prejme letno celo Pohorje pribli`no 1500 mm padavin.
2 Izhodi{~e V hladni polovici leta, zlasti pozimi in spomladi, velik del padavin v gorah pade v obliki snega. Sneg se kopi~i iz sne`enja v sne`enje in pogosto se zgodi, da od dolo~enega trenutka, ko prese`e dolo~eno-kriti~no debelino, vsebuje vso vodo, ki je padla v dolo~enem dalj{em obdobju. Pogoj za to je, da je sne`na odeja tako debela, da procesi taljenja ob visokih temperaturah in morebitna de`evnica ne prodrejo skozi sne`no odejo oziroma se vsa voda zadr`i v sne`ni odeji. To pomeni, da sne`nica, ki se stali na povr{ini (ali de`evnica) v plasteh sne`ne odeje ponovno zmrzne oziroma ne pronica v tla. S tem pa se pove~a gostota sne`ne odeje in zmanj{a njena debelina. Kriti~na debelina sne`ne odeje je odvisna od vremenskih razmer. Manj kot je mo~nih odjug in de`ja, tanj{a je. Sne`na odeja tudi izhlapeva, vendar je ta proces ob nizkih temperaturah v primerjavi s taljenjem in odtekanjem v na{ih gorah zanemarljiv (Vrhovec 2000). Vodnatost sne`ne odeje (v nadaljevanju: VSO) je koli~ina vode, ki jo vsebuje sne`na odeja.
Sne`na odeja se ves ~as preobra`a, seseda in ob temperaturah nad 0°C tudi tali. Zato se spreminja prakti~no vsak dan. Po obilnih sne`enjih se dnevno sesede tudi za ve~ kot 20 cm. Kljub vsemu pa ob zgoraj omenjenih pogojih velika ve~ina vode ostane v sne`ni odeji.
To dejstvo nam lahko koristi pri ugotavljanju padavin v gorah na dolo~enem obmo~ju v izbranem obdobju. Podatki o debelini sne`ne odeje so uporabni le, ~e so bili izmerjeni isto~asno. VSO ob omenjenih pogojih ostaja nespremenjena, zato so podatki o VSO za preu~evanje koli~ine padavin toliko bolj uporabni in zanesljivi.
De`emeri ob mo~nem vetru, ki je v gorah ob padavinah pogost, spremenijo vetrovne razmere v svoji okolici tako, da se ujame vanje precej manj padavin, kot bi se jih sicer. Ob mo~nem vetru je na privetrnih straneh gora prakti~no nemogo~e meriti padavine, saj letijo vodne kapljice in sne`inke pod zelo majhnim kotom glede na podlago, v~asih celo vodoravno in v okolici grebenov za kraj{i ~as tudi navzgor.
Glede na dejstvo, da je mre`a gorskih padavinskih postaj pri nas redka in da je zlasti ob sne`enju kakovost podatkov, dobljenih iz de`emerov zelo vpra{ljiva, je preu~evanje vodnatosti sne`ne odeje kot kazalca padavin lahko zelo koristno in uporabno.
V Sloveniji nih~e ne opravlja sistemati~nega preu~evanja vodnatosti sne`ne odeje. Nekaj raziskav sta naredila Vrhovec (2000) povpre~na mese~na temperatura v obdobju januar-marec -2,2°C, kar je 0,1°C hladneje od povpre~ne vrednosti v obdobju . Na Kredarici (2515 m) pa je bila povpre~na mese~na temperatura v istem obdobju -7,9°C, kar je za 0,1°C nad dolgoletnim povpre~jem . Mese~ne povpre~ne temperature so nekoliko bolj odstopale. Na Kredarici sta bila februar in marec toplej{a od povpre~ja (1,7°C; 0,8°C), januar pa je bil hladnej{i (-2,1°C). V Rate~ah je marec malenkostno odstopal od povpre~ja (-0,2°C), januar je bil prehladen (-0,7°C) in februar toplej{i od povpre~ja (0,8°C). V visokogorju so bile temperaturne razmere nekoliko bolj podvr`ene odstopanjem, medtem ko je v ni`jih legah odklon manj{i od ene stopinje. Glej angle{ki del prispevka.
Meritve in rezultati
Preu~evanje prerezov sne`ne odeje ne da le vpogleda v vodnatost stolpca sne`ne odeje. Omogo~a tudi ugotavljanje razlik v koli~ini padavin na razli~nih mestih. To je za gorski svet zelo uporabno, saj do sedaj znani podatki temeljijo na meritvah z de`emeri, ki so zlasti pozimi precej neuporabni, merilnih mest pa je malo. e je mesto vzor~enja izbrano pravilno, velja da je zapadla koli~ina snega enaka koli~ini padavin. Nove plasti snega se sprva {e lepo lo~ijo od starih. Razlika v vsebnosti vode omogo~a primerjavo izdatnosti padavin na razli~nih lokacijah. Vzor~no mesto mora biti:
• za{~iteno pred vetrom tako da ta ne odna{a ali nana{a snega (Sluga 2000); • na ravnih tleh; • na neporaslem obmo~ju in dovolj oddaljeno od reliefnih preprek (balvanov, sten) in • zunaj dosega sne`nih plazov (Sluga 2000).
V zimi 2003/2004 smo to metodo preizkusili na primeru padavin, ki so padle od 23. 2. do konca marca. Tedaj se je za~elo dalj{e obdobje s pogostimi in obilnimi sne`enji, delo pa je mo~no olaj{alo dejstvo, da je 21. februarja nad nas med rahlim de`jem ob ju`nih vetrovih prineslo pu{~avski pesek. Pesek je rumeno obarval povr{ino stare sne`ne odeje, kar je olaj{alo razpoznavo razli~nih plasti.
Merjenje vodnatosti sne`ne odeje ni potekalo skozi vso zimo. Meritve so bile opravljene med 13. marcem in 4. aprilom. Merjenja so potekala na naslednjih lokacijah: Trnovski gozd (13.marec), Zahodne Karavanke in [pikova skupina (16. in 17. marec) , Spodnje Bohinjske gore (27. in 28. marec) in Fu`inarske planine (3. in 4. april).
Sne`no odejo smo vzor~evali z dvema valjema prostornine 0,173 in 0,385 l. V sne`ni odeji smo naredili prereze od povr{ine do tal. Nato smo ugotovili razli~ne plasti v prerezu sne`ne odeje in vzeli iz vsake plasti vzorec snega. S pomo~jo tehtanja in znane prostornine (ρ = m/V) smo izra~unali gostoto sne`ne odeje v posamezni plasti. Privzeli smo, da se gostota znotraj plasti ne spreminja. ^e je plast zelo debela (ve~ kot 40 cm), lahko vzamemo ve~ vzorcev in ugotovimo znotraj nje nove plasti. To je uporabno zlasti, ko je dolgotrajno sne`enje posledica prehoda sredozemskega (genovskega) ciklona. Takrat pada sprva, ob toplih jugozahodnih vetrovih, gost, tudi moker sneg. Ko hladna fronta preide obmo~je, pada v hladnej{em zraku bolj suh in rahel sneg. Za ve~jo natan~nost smo postopek opravljali z dvema valjema in vzor~enje po potrebi ponovili. Izmerili smo tudi vi{ino vsake plasti in tako dobili stolpec sne`ne odeje, ki je bil enak vi{ini celotne sne`ne odeje. Koli~ino vode smo izra~unali na naslednji na~in:
kjer je: m … masa (kg) ρ … gostota (kg/m3) V … prostornina (m3) Acta geographica Slovenica, 45-2, 2005 rijo podatki, dobljenih iz ostalih prerezov sne`ne odeje, ki smo jih izkopali in izmerili njihovo vodnatost. Prerez na planini Pri Jezeru je bil opravljen 27. marca, vseboval pa je pribli`no enako koli~ino padavin (608 mm) kot je bila, po podatkih ARSO, izmerjena koli~ina padavin na Voglu (611 mm). Na obeh mestih se je sne`na odeja formirala na isti dan. Glede na ve~krat potrjeno dejstvo, da je greben Spodnjih Bohinjskih gora precej bolj namo~en od Fu`inarskih planin (na letno prejeme pribli`no 500 mm ve~) so te vrednosti argument ve~, da so izmerjene koli~ine padavin pozimi precej pocenjene.
Razlike med podatki, dobljenimi na meteorolo{ki postaji Vogel in podatki, ki smo jih dobili s pomo~jo VSO, so velike. V obravnavanem obdobju je de`emer na Voglu ujel 64 % koli~ine padavin, izra~unane s pomo~jo VSO.
e so padavine ve~inoma v obliki snega in so izpolnjeni drugi omenjeni pogoji, dobimo z metodo VSO bolj zanesljive podatke o koli~ini padavin v gorskem svetu.
Razmerja med posameznimi merilnimi mesti
Oglejmo si {e, ali so razlike, ki smo jih namerili med posameznimi mesti odraz bolj ali manj stalnih razmer v namo~enosti gorskih predelov ali so zgolj slu~ajne. Sekundarni cikloni so Slovenijo pre{li od zahoda proti vzhodu, jugozahoda proti severovzhodu ali pa so od zahoda proti jugovzhodu. Ko je ciklon s hladno fronto pre{el Slovenijo, so v ni`jih plasteh ozra~ja pogosto zapihali severovzhodni vetrovi, medtem ko je zgoraj vztrajal topel in vla`en jugozahodnik ali jugovzhodnik.
Tak tip poslab{anj je v Sloveniji obi~ajen, vendar se v zadnjih letih uveljavljajo tudi drugi vremenski vzorci. V tem prispevku ne bomo navajali mo`nih vzrokov za te spremembe, radi bi le opozorili, da je razporeditev padavin v gorskem svetu mo~no odvisna od prevladujo~ih vetrov ob vremenskih poslab{anjih.
Rate~e, Pod [pikom, Planina Graj{~ica
Kot prvi primer smo analizirali razmere v Rate~ah (865 m), Pod [pikom (1400 m) in na planini Graj{~i-ci (1710 m). V Rate~ah smo vzeli podatke meteorolo{ke postaje ARSO, na ostalih dveh lokacijah pa smo izmerili VSO. Poleg oddaljenosti, ki zna{a 9 km, ka`eta postaji nekaj razlik v legi glede na orografske pregrade. Krnica Pod [pikom je pod grebenom [pikove skupine. Sklepamo, da padavine, ki se ob prehodu tega grebena bistveno okrepijo, tod {e ne oslabijo.
Rate~e so na drugi strani Zgornjesavske doline, zato je oslabitev padavin onstran orografske pregrade Julijskih Alp v Rate~ah izrazitej{a kot v krnici Pod [pikom. Dviganje zraka severno od Rate~ pa ponovno povzro~i pove~anje koli~ine padavin proti najvi{jim delom Karavank. Znak spu{~anja zraka nad Rate~ami je tudi okno v obla~nosti, ki se pojavi, ko nad tem obmo~jem piha jugozahodnik. 
